Citrate lyase (EC 4.1.3.6) 
Citrate lyase deacetylase, acetyl-S-(acyl carrier protein) thioester hydrolase (acetate) ( (12) . Recently, another citrate lyase deacetylase was detected in extracts of Rhodopseudomonas palustris (14) . This enzyme reacted with citrate lyase of R. gelatinosa as substrate, indicating that cross-reactions are possible among lyases and deacetylases from closely related bacterial species.
In this communication the interactions between the isolated deacetylases and citrate lyases of the two rhodopseudomonads have been studied in more detail.
MATERIALS AND METHODS
Organisms and culture conditions. R. gelatinosa DSM149 was obtained from the German Collection for Microorganisms, Gottingen. R. palustris 17/3 was obtained from H. Biebl, Institut fur Mikrobiologie, Gottingen.
To provide sufficient amounts of enzyme, batches of bacteria were grown anaerobically in the light on citrate medium in 20-liter carboys as described by Beuscher et al. (4) .
Enzyme assays and protein determination. The activity of citrate lyase was determined as described previously (4) . One unit is defined as the amount of enzyme necessary to catalyze the cleavage of 1 ytmol of citrate per min under assay conditions. The activity of citrate lyase deacetylase was measured as specified previously (15) . One unit is defined as the amount of enzyme that catalyzes the inactivation of 1 U of citrate lyase per min at 30°C. Protein was determined by the method of Lowry et al. (20) .
Enzyme purification. Citrate lyase of R. gelatinosa was purified as described by Giffhorn and Gottschalk (13) . Citrate lyase of R. palustris was purified by the same method with one modification: chromatography on DEAE-cellulose was followed by gel filtration on Sepharose 6B (15) as the final step. Citrate lyase of S. diacetilactis was purified as described by Kummel et al. (18) . Citrate lyase of E. aerogenes was obtained commercially (8 U/mg of enzyme protein) from Boehringer Mannheim GmbH and further purified on a Sepharose 6B column as above to a specific activity of 58 U/mg of protein. Citrate lyase of C. sphenoides (110 U/mg of protein) was kindly provided by G. Antranikian, Gottingen. Citrate lyase deacetyl-ase of R. gelatinosa was purified as described recentlv (15) . Citrate lyase deacetylase of R. palustris was partially purified by this method up to step 5 (11 U/ mg of protein). Preparation of the subunits of citrate lyase of R. gelatinosa. The preparative separation of the three types of subunits (a, ,B, and y) of citrate lyase (13) was achieved with the electrophoresis apparatus Ultra Phor (Colora Messtechnik GmbH, Lorch, Federal Republic of Germany) (22, 23 Analytical SDS-polyacrylamide gel electrophoresis and the molecular weight determinations were performed by the method of Weber et al. (32) in vertical slab gels as described previously (13 Detection of immunological relationships between citrate lyase of R gelatinosa and R palustris. Citrate lyase of R. gelatinosa was dissociated into its subunits, which were subsequently isolated by electrophoretic techniques (Fig. 3) . Then antibodies were prepared (see above) to native citrate lyase (anti-enzyme IgG) and to each of its subunits (anti-a, anti-fl, and anti-y IgG). The specificities of the four types of antibodies were examined by double-immunodiffusion experiments on Ouchterlony plates (25) . All antibodies reacted with the holoenzyme, as indicated by sharp precipitin bands (Fig. 4A) . Anti-enzyme IgG showed only weak reactions with each of the individual subunits (Fig. 4E ), suggesting that they had only a low titer of antibodies directed against determinant groups on each of the three subunits. On the other hand, antibodies to the large, middle, and small subunits of citrate lyase cross-reacted exclusively with antigenic sites on the corresponding subunits (Fig. 4B, C, and D) .
From the data of Fig. 5A (Fig. 5B ), but not with anti-f8 and anti--y subunit antibodies ( Fig. 5C and D) . This observation suggested that the antigenic determinants common to citrate lyase of R. gelatinosa and R. palustris were located on the large subunits of the two enzyme complexes. As expected, no cross-reactions were observed among all three types of anti-subunit antibodies and the citrate lyases from the other organisms (Fig. 5B, C, Anti-a antibodies and preimmune sera did not affect the activity of citrate lyase (Fig. 6) . However, the activity was inhibited by either anti-#8, anti--y, or anti-enzyme antibodies to different extents. Therefore, the presence of citrate lyase inhibiting antibodies in the deacetylase assay strongly interfered with the calculation of the deacetylase activity. Figure 7 illustrates the time course of deacetylation of citrate lyase in the absence and presence of anti-subunit antibodies. The experiments show that citrate lyase was completely inactivated in the absence of antibodies (Fig. 7A) and also in the presence of antiand anti--y antibodies ( Fig. 7B and C) . In the presence of anti-a antibodies (Fig. 7A ) the initial reaction rate of the deacetylase (2 U/min) was inhibited to 50%; in addition, deacetylation ceased when approximately 60% of citrate lyase was inactivated. In the presence of anti-ft and anti--y antibodies citrate lyase was inhibited to 37 and 20%, respectively, and the initial reaction rates of the deacetylase were apparently decreased to 0.9 and 1.2 U/min, respectively. Adjustment of the citrate lyase concentration in the assays to a total activity of 10 U consequently yielded inactivation rates as obtained for the deacetylase in the absence of antibodies.
To confirm the inhibitory effect of anti-a subunit antibodies, an indirect enzyme assay was performed in which [ 
DISCUSSION
All citrate lyases so far investigated have many common properties. The native enzymes have molecular weights in the range of 550,000 ± 5% (4, 5, 16, 21, 30) , they consist of an equal number of three nonidentical subunits (8, 11, 13, 16, 28, 30) , and most probably all contain prosthetic groups similar to acetyl coenzyme A (3, 9, 24, 27, 29) . Therefore, the absence of cross-reactions among citrate lyase deacetylase of R. The low-molecular-weight fractions were pooled, and the radioactivitv was measured. gelatinosa and citrate lyases from enterobacteria, lactic acid bacteria, and clostridia (12) was somewhat surprising. However, this lack of enzymatic cross-reactivity was reflected in a lack of immunological identity among the citrate lyases, indicating that there were differences in their structures (1, 2) . On the other hand, enzymatic and immunological cross-reactions were observed with the citrate lyase systems of R. gelatinosa and R. palustris, suggesting that these interactions were only possible among enzymes isolated from phylogenetically related bacteria (26) . The availability of antibodies to each of the subunits allowed a more precise investigation of this phenomenon. The experiments revealed that homology between the two enzymes was not complete and was confined to areas on the large subunits. In accordance with this, only decreased deacetylase activities were measured by using heterologous enzyme substrates at concentrations which were optimal for the homologous systems. With regard to the specificity of the deacetylase toward the individual subunits, it must be considered that citrate lyase is a multienzyme complex in which each of the subunits has definite catalytic functions (7, 10, 
